Context. Predictions of solar cycle 24 obtained from the advection-dominated and diffusion-dominated kinematic dynamo model are different if we consider only the Babcock-Leighton mechanism as a poloidal field generation source term. Yeates et al. (2008) argue that the discrepancy between the results is due to the different memory of solar dynamo for advection-and diffusion-dominated solar convection zones. Aims. We aim to investigate the discrepancy between the solar cycle memory obtained from advection-dominated and diffusiondominated kinematic solar dynamo models. Specifically, we want to investigate whether another poloidal field generation mechanism, namely, Parker's mean-field alpha effect has any impact on the memory of the solar cycle. Methods. We used a kinematic flux transport solar dynamo model where poloidal field generation takes place due to both the Babcock-Leighton mechanism and mean-field alpha effect.
Introduction
The magnetic field of the Sun is responsible for most of the dynamical features in the solar atmosphere. The solar cycle is the most prominent signature of solar magnetic activity in which the number of sunspots, which are strongly magnetized regions on the solar surface, varies cyclically with a periodicity of 11 years. When the Sun reaches the peak of its activity cycle, there is a large number of flares and coronal mass ejections, which can affect vulnerable infrastructures of our modern society (Schrijver et al. 2015) . These important issues highlight the need for solar activity prediction, which will enable us to mitigate the impact of our star's active behaviour (Hathaway 2009; Petrovay 2010) . In recent years, many theoretical and observational studies have been performed to predict the solar activity, however, results are diverging (Pesnell 2008) .
Our current understanding of the solar cycle suggests that sunspot originates from the buoyant emergence of toroidal flux tubes which are generated via dynamo mechanism inside the solar interior. Dynamo mechanism involves the idea of joint generation and recycling of the toroidal and the poloidal components of the solar magnetic field (Parker 1955) . Pre-existing poloidal magnetic field components are stretched along φ-direction due to strong differential rotation and generates the toroidal magnetic field. It is thought that toroidal field generation takes place throughout the solar convection zone, but is amplified near the base of the convection zone. Tachocline, a region of strong radial gradient in rotation and low diffusivity, offers an ideal location for storage and amplification of the toroidal magnetic field. Sufficiently strong toroidal flux tubes become magnetically buoyant and emerges at the solar surface in the form of sunspot. However, two different proposals exist in the literature for the poloidal field generation-one is due to decay and dispersal of bipolar magnetic regions at the solar surface, termed as the Babcock-Leighton mechanism (Babcock 1961; Leighton 1969) and other is due to strong helical turbulence inside the solar convection zone, known as mean-field alpha effect (Parker 1955; Steenbeck et al. 1966) . In recent years, dynamo models based on the Babcock-Leighton mechanism have been successful in explaining different observational aspects regarding the solar activity (Dikpati & kinematic solar dynamo models are also developed to study different observational aspects regarding solar activity (Brun 2007; Jouve et al. 2011; Yeates & Muñoz-Jaramillo 2013; Hung et al. 2017; Hazra et al. 2017; Karak & Miesch 2017; Hazra & Miesch 2018; Kumar et al. 2019) . Please see these reviews for details about the solar and stellar dynamo model (Charbonneau 2005; Brun & Browning 2017) .
As there is a spatial separation between the source layers of the toroidal and poloidal field, there must be some effective communication mechanism between these layers. While magnetic buoyancy plays the primary role for transporting the toroidal flux from the base of the convection zone to the solar surface; different other flux transport mechanisms, namely, diffusion, meridional flow, and turbulent pumping, share the role of transporting the poloidal flux from the surface to the base of the convection zone. It has been shown that finite time required for the magnetic flux transport impacts the predictability of the solar cycle (Yeates et al. 2008; Jouve et al. 2010) . Dikpati et al. (2006) used an advection-dominated based dynamo model (where the meridional flow is the primary flux transport mechanism) to predict the solar cycle 24 and found that cycle 24 should have been a strong one. We note that Dikpati et al. (2006) used a weak tachocline alpha effect in their model. However, Choudhuri et al. (2007) used a diffusion-dominated dynamo model (diffusion is the primary flux transport mechanism) to predict the solar cycle 24 and found that cycle 24 will be a weaker one. Yeates et al. (2008) have shown that memory of the solar cycle in the diffusion-dominated dynamo is shorter (only one cycle) while the memory of the solar cycle in advection-dominated dynamo lasts over a few solar cycles. They suggest that the difference in the memory of the solar cycle in two regimes results in different predictions of the solar cycle. Later, Karak & Nandy (2012) has shown that the introduction of turbulent pumping reduces the memory of the solar cycle into one cycle in both advection and diffusion-dominated dynamo models; thus impacts the capability of these kind of models for prediction. Turbulent pumping transports the magnetic field vertically downwards; however, there is also a significant latitudinal component in the strong rotation regime (Ossendrijver et al. 2002; Käpylä et al. 2006b,a; Mason et al. 2008; Do Cao & Brun 2011; Hazra & Nandy 2016 ).
Most of the dynamo based prediction models completely ignored the contribution of distributed mean-field alpha effect. They consider the Babcock-Leighton mechanism as the only poloidal field generation mechanism for their prediction models. However, some studies indicate that the mean-field alpha effect plays an important role in solar dynamo models and is necessary to recover the solar cycle from grand-minima like episodes (Pipin & Kosovichev 2011; Pipin et al. 2013; Passos et al. 2014; Hazra et al. 2014b; Inceoglu et al. 2019) . Recently Bhowmik & Nandy (2018) considers both the Babcock-Leighton mechanism and mean-field alpha effect as poloidal field generation mechanism in their model to predict the strength of the solar cycle 25. Here, in this paper, we want to explore the importance of the mean-field alpha effect in the context of solar cycle memory and predictability. We find that the presence of mean-field alpha reduces the memory into one cycle for both advection and diffusion dominated regime. We provide the details about our solar dynamo model in Section 2 followed by a discussion of our results in Section 3. Finally, in the last section, we present the conclusions of our study.
Model
Our (α − Ω) kinematic solar dynamo model solves the evolution equations for the toroidal and poloidal components of solar magnetic fields (Moffatt 1978; Charbonneau 2005) :
where, s = r sin(θ) and v p is the meridional flow. We specify the differential rotation and turbulent magnetic diffusivity by Ω and η respectively. B represents the toroidal magnetic field components and A represents the vector potential of the poloidal magnetic field component. S p in the poloidal field evolution equation is the source term for the poloidal field; while the second term in the RHS of the toroidal field evolution is the source term for the toroidal field due to differential rotation.
We do not consider small scale convective flows in this model. However, we consider an effective turbulent diffusivity in our model to capture the mixing effects due to convective flows. We do not have a reliable estimate of the diffusivity value inside the convection zone at this moment. However, diffusivity value near the surface is well constrained by surface flux transport dynamo models; as well as from observations (Komm et al. 1995; Muñoz-Jaramillo et al. 2011; Lemerle et al. 2015) . Diffusivity value near the surface have been found to be a few times of 10 12 cm 2 /s. It is still unclear how these surface values change as a function of depth in the solar convection zone. We have assumed a profile which keeps value close to the surface one except in the tachocline where it drops by several orders of magnitude due to the reduced level of turbulence there. Recent theoretical studies also suggest a diffusivity value of the order of 10 12 cm 2 /s inside the convection zone (Parker 1979; Miesch et al. 2012; Cameron & Schüssler 2016) . We use a two-step radial diffusivity profile which has the following form:
where η bcd = 10 8 cm 2 /s is the diffusivity at the bottom of the computational domain, η cz = 10 12 cm 2 /s is the diffusivity in the convection zone and η sg = 2 × 10 12 cm 2 /s is the near surface supergranular diffusivity. Other parameters, which characterize the transition from one value of diffusivity to another are taken as r cz = 0.73R , d cz = 0.015R , r sg = 0.95R , and d sg = 0.015R . We use an analytic fit to the observed helioseismic rotation data as our differential rotation profile (see Nandy et al. (2011); Muñoz-Jaramillo et al. (2009)) .
,
where Ω c , Ω e , and Ω p represents the rotation frequency of the core, equator and the pole respectively. We take Ω c = 432 nHz, Ω e = 470 nHz, Ω p = 330 nHz, r tc = 0.7R , d tc = 0.025R (half of the tachocline thickness), and a = 0.483. Recent helioseismic results have not yet converged on the accurate measure about the structure of the meridional flow (Rajaguru & Antia 2015; Jackiewicz et al. 2015; Zhao & Chen 2016) . As the information about the meridional flow structure is absent at present moment, we have used a single cell meridional circulation (v p ) profile which transports the field poleward at the surface and equatorward at the base of the convection zone. One can see Jouve & Brun (2007) ; Hazra et al. (2014a) ; Hazra & Nandy (2016) for a discussion on the role of multi cellular or shallow meridional flow profiles. We obtained the profile for the meridional circulation (v p ) for a compressible flow inside the convection zone using the following equation: ∇.(ρv p ) = 0 so, ρv p = ∇ × (ψê φ ) where ψ is prescribed as:
where ψ 0 controls the maximum speed of the flow. We take the following parameter values to obtain the profile for meridional circulation:
55R is the bottom boundary of our computational domain. Both observation of small scale features on the solar surface and helioseismic inversions indicate that the surface flow from equator to the pole has an average speed of 10-25 ms −1 (Komm et al. 1993; Snodgrass & Dailey 1996; Hathaway et al. 1996 ). In our model, meridional flow speed at the surface lies within the range of 10-25 ms −1 and reduces to 1 ms −1 at the base of the convection zone.
To explore the importance of the mean-field alpha effect, we consider two distinct scenarios. In one scenario, poloidal field generation takes place only due to the Babcock-Leighton mechanism; while in the other scenario poloidal field alpha generation takes place due to the combined effect of the Babcock-Leighton mechanism and mean-field alpha effect. In the first scenario, S p = S BL , where S BL is the source term for the poloidal field due to the Babcock-Leighton mechanism. We model the poloidal field source term due to the Babcock-Leighton mechanism by the methods of a double ring first proposed by Durney (1997) . Subsequently, other group haves used the double ring algorithm to model the Babcock-Leighton mechanism in their dynamo model (Nandy & Choudhuri 2001; Muñoz-Jaramillo et al. 2010; Nandy et al. 2011; Hazra & Nandy 2013 . It has been shown that the double ring algorithm captures the essence of the Babcock-Leighton mechanism in a better way compared to other formalism (Muñoz-Jaramillo et al. 2010) . We have provided the details of our double ring algorithm in the Appendix. Please note that when we model the Babcock-Leighton mechanism via double ring algorithm, we make the Babcock-Leighton source term in the equation (1) as zero, and we modify the poloidal field by the poloidal fields associated with the double ring (basically, A(i, j) is modified by A(i, j) + A doublering ) at regular time interval. As the double-ring algorithm works above a certain threshold, a recovery mechanism is necessary to recover an activity level of the Sun from grand minima like phases. However, some previous studies indicate that even if there is no sunspot during grand minima, there are still many ephemeral regions at the solar surface which obey the Hale's polarity law. These ephemeral regions may contribute to the poloidal field generation mechanism during this time (Priest 2014; Švanda et al. 2016; Karak & Miesch 2018) . Thus, we also added an extra Babcock-Leighton source term due to ephemeral regions which acts on the weak magnetic field regime. Please see Appendix for the details of the Babcock-Leighton source terms. In this way, we ensure the effectiveness of the Babcock-Leighton mechanism throughout our simulation.
In the second Scenario, S p = S BL + S MF , where S MF is the poloidal field source term due to mean-field alpha effect. It implies that the poloidal field is generated due to both the Babcock-Leighton mechanism and mean-field alpha effect. We model the mean-field alpha effect following this equation:
where r 1 = 0.71R 0 , r 2 = R 0 , d 1 = d 2 = 0.25R 0 , and B up = 10 4 G i.e. the upper threshold. S controls the amplitude of the meanfield alpha effect.The function 1
2 ) ensures that this additional α effect is only effective on weak magnetic field strength (below the upper threshold B up ) and the values of r 1 and r 2 ensure that this additional mechanism takes place inside the bulk of convection zone (see top panel of Fig. 1 for radial profile of the mean-field α-coefficient). We set the critical value of S such that our model generates periodic cycles if we consider meanfield alpha effect as the only poloidal field generation mechanism. Critical value of S is 0.14 m s −1 for our model. Please see the right-hand side of the upper panel for the radial profile of the mean-field alpha coefficient.
We perform all of our dynamo simulations within the meridional slab 0.55R < r < R and 0 < θ < π with a resolution of 300 × 300 (i.e., N r = N θ = 300). We set A = 0 and B ∝ sin(2θ) sin(π((r − 0.55R )/(R − 0.55R ))) as dipolar intial conditions for our simulations. Finally, we solve the dynamo equations with proper boundary conditions suitable for the Sun. As our model is axisymmetric, we set both poloidal and toridal fields as zero (A = 0 and B = 0) at the pole (θ = 0 and θ = π), to avoid any kind of singularity. The inner boundary condition at the bottom of the computational domain (r = 0.55R ) is of a perfect conductor. So, at r = 0.55R , both the toroidal and poloidal field components vanish (i.e., A = 0 and B = 0). At the surface, we assume there is the only radial component of the solar magnetic field which is necessary for stress balance between the subsurface and coronal magnetic fields (van Ballegooijen & Mackay 2007). We set B = 0 and ∂(rA)/∂r = 0 as a top boundary condition at the surface (r = R ).
Results
To bring out the impact of mean-field alpha effect in the memory of the solar cycle, we perform kinematic solar dynamo simulations in two different regimes, advection-dominated (η cz = 1×10 12 cm 2 s −1 , v 0 = 25 m s −1 ) and diffusion-dominated regimes (η cz = 1 × 10 12 cm 2 s −1 , v 0 = 15 m s −1 ). Advection-dominated regimes are characterized by the dominance of meridional circulation as a major poloidal flux transport mechanism from the surface to the base of the convection zone; while diffusiondominated regimes are characterized by the dominance of diffusion (Yeates et al. 2008; Karak & Nandy 2012) . We define the advective flux transport time scale following the suggestions of Yeates et al. (2008) . Advective flux transport time scale is the time taken for the meridional circulation to transport poloidal fields from r = 0.95 R , θ = 45 • to the location at the tachocline where the strongest toroidal field is formed (θ = 60 • ). The meridional flow speed of the order of 25 m s −1 at the surface yields an advection flux transport time scale about 9-10 years (with a flow speed of 15 m s −1 it becomes 16 years). While turbulent diffusion of the order of 1 × 10 12 cm 2 s −1 gives us the diffusion flux transport time scale (L 2 /η where L is the depth of the convection zone) of 14 years. In the diffusion dominated regime, the diffusion time scale is shorter compared to the advection time scale; while in the advection dominated regime, it is the reverse.
In the first scenario, we consider the Babcock-Leighton mechanism as the only poloidal field generation mechanism. We first perform the simulation without any fluctuation. We are able to reproduce a solar-like cycle with an 11-year periodicity. We also confirm that the periodicity of the solar cycle decreases with the speed of the meridional flow (Dikpati & Charbonneau 1999) . Periodicity lies within the range of 7 years to 18 years depending on the speed of the meridional flow at the surface varies from 25 m s −1 to 10 m s −1 . However, in reality, the Babcock-Leighton mechanism is a random process. The stochastic nature of the Babcock-Leighton mechanism arises from the random buffeting of flux tubes during their rise through the turbulent convection zone, yielding a significant scatter in tilt angles of the active region (Longcope & Choudhuri 2002; McClintock & Norton 2016) . Motivated by these facts, we introduce stochastic fluctuation in the poloidal field generation source term by setting up K 1 = K base + K f luc σ(t, τ cor ) with K base = 100 in the double ring algorithm. Here σ, the uniform random number, lies between -1 and +1. We run all our next simulations with a 60 % fluctuation in the Babcock-Leighton mechanism. So in our simulation K f luc = 0.6K base (see Appendix). Our choice of fluctuation levels is inspired by observations as well as the eddy velocity distributions present in 3D turbulent convection simulations (Miesch et al. 2008; Racine et al. 2011; Passos et al. 2012) .
The middle panel of Fig. 1 shows the butterfly diagram at the base of the convection zone from a simulation in the diffusiondominated regime and the bottom panel shows the variation of B 2 φ (a proxy of sunspot number) with time at the base of the convection zone. We note that the sensitivity of the peak amplitude of the B 2 φ is due to the choice of fluctuation levels. We calculate the polar radial flux Φ r and toroidal flux Φ tor using the prescription suggested by Karak & Nandy (2012) and Yeates et al. (2008) . The toroidal flux Φ tor is calculated by integrating B φ (r, θ) within a layer of r = 0.677R − 0.726R and within the latitude 10 • − 45 • ; while the radial flux Φ r is calculated by integrating B r (R , θ) at the solar surface within the latitude 70 • −89 • . We note that there is a 90 • phase difference between the radial flux and the toroidal flux. Radial flux is maximum at the minima of the solar cycle. We find the peak value of Φ r and Φ tor for each cycle and study the cross-correlation between the surface radial flux Φ r of cycle n and the toroidal flux of cycle n, n+1, n+2 and n+3. We perform the same study for both advectiondominated and diffusion-dominated dynamo simulations. Cycle to cycle correlation gives us the extent of correlation between the radial and toroidal flux. As per suggestions of Yeates et al. (2008) and Karak & Nandy (2012) , the extent of the correlation is the indicator of the memory of the solar cycle. We run our stochastically forced dynamo model for a total of 250 solar cycles to generate the correlation statistics. Figure 2 shows that in the advection-dominated regime, surface radial flux Φ r correlates with the toroidal flux Φ tor of cycles (n+1) and (n+2) with Spearman correlation coefficients 0.90 and 0.49 respectively. On the other hand, Figure 3 indicates that in the diffusion-dominated regime, surface radial flux Φ r only correlates with the toroidal flux Φ tor of the next cycle (correlation coefficient 0.95). Yeates et al. (2008) studied the memory of the solar cycle and found that in the diffusion-dominated regime surface radial flux Φ r only correlates with the next cycle toroidal flux Φ tor . While, in the advection-dominated regime, surface radial flux Φ r correlates with the toroidal flux Φ tor of subsequent few cycles (n+1), (n+2) and (n+3). Yeates et al. (2008) and Karak & Nandy (2012) found higher correlation coefficients in the advection dominated regimes compared to us. This is probably due to our choice of modelling magnetic buoyancy by the double-ring algorithm. In summary, our result agrees with the results of Yeates et al. (2008) when we consider the Babcock-Leighton mechanism as the only poloidal field generation process.
In the second scenario, we consider both the Babcock-Leighton mechanism and mean-field alpha effect as a poloidal field generation mechanism. However, the mean-field alpha effect is also a random process, not a deterministic one. As the mean-field alpha effect arises due to helical turbulence inside the turbulent convection zone; thus the mean-field alpha effect is also a stochastic process. Motivated by these facts, we introduce randomness in the mean-field alpha by setting S = S base + S f luc σ(t, τ corr ). Here σ is a uniform random number lies between −1 and +1. We set the correlation time τ corr in a way such that at least 10 fluctuations are there within a single solar cycle. We run our simulations with a 60 % fluctuation in the Babcock-Leighton mechanism and different level of fluctuations in the mean-field alpha effect. Figures 4 and 5 show that in the case of both advection and diffusion dominated regime, surface radial flux Φ r only correlates with the toroidal flux of the next cycle with Spearman correlation coefficients 0.85 and 0.89 respectively. Please note that we use the results of the model with a 60 % fluctuation in the Babcock-Leighton mechanism and 50 % fluctuation in the mean-field alpha effect to generate Figure 4 and 5. In our model, the presence of the mean-field alpha effect reduces the memory of the solar cycle. Table 1 shows that the correlation strength decreases with the increase of mean-field alpha strength. We note that peak toroidal flux of n-th cycle is weakly correlated with the peak radial flux of n-th cycle in the advection dominated regime when we choose S = 0.20 ms −1 . We also notice that our model gives an unstable solution in the advection dominated regime if we increase the value of meanfield alpha (S ) more than 0.20 ms −1 . Table 2 confirms the validity of our result for different levels of fluctuations in the meanfield alpha. More importantly, we get one cycle memory even for steady mean-field alpha (no fluctuation in mean-field alpha) for both advection and diffusion dominated region.
We do not consider turbulent pumping in our simulations. However, Karak & Nandy (2012) indicate that turbulent pumping can impact the memory of the solar cycle. Karak & Nandy (2012) found that in the case of both advection and diffusion dominated regimes, surface radial flux Φ r only correlates with the next cycle toroidal flux if they introduce turbulent pumping in their model. We also find that surface radial flux Φ r correlates only with the toroidal flux Φ tor of the next cycle when we also consider turbulent pumping in our simulation. Thus, turbulent Table 1 . Correlation coefficients (r s ) and percentage significance levels (p) for peak surface radial flux Φ r of cycle n versus peak toroidal flux Φ tor of different cycles for 200 solar cycles data. Here, we consider a 60 % fluctuation in the Babcock-Leighton mechanism but no fluctuation in the mean-field alpha.
Dif. Dom.
Adv. Dom. Mean Field Alpha (S ) Parameters r s (p) r s (p) Φ r (n) & Φ tor (n) 0.04 (45.0) −0.29 (99.9) Φ r (n) & Φ tor (n + 1) 0.91 (99.9) 0.82 (99.9) 0.14
0.05 (50.0) 0.41 (99.9) Φ r (n) & Φ tor (n + 1) 0.85 (99.9) 0.75 (99.9) 0.20 Φ r (n) & Φ tor (n + 2) −0.08 (68.9) 0.29 (99.9) Φ r (n) & Φ tor (n + 3) −0.02 (42.0) −0.01 (18.9) Table 2 . Correlation coefficients (r s ) and percentage significance levels (p) for peak surface radial flux Φ r of cycle n versus peak toroidal flux Φ tor of different cycles for 200 solar cycles data. In all cases, we run our simulations with a 60 % fluctuations in the Babcock-Leighton mechanism. Value of the mean-field alpha constant S is 0.14 ms −1 in all cases.
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pumping also has an impact on the memory of the solar cycle. However, Karak & Nandy (2012) did not consider the mean-field alpha effect in their dynamo simulation with turbulent pumping.
Summary
In summary, we have demonstrated the importance of the meanfield alpha effect on the memory of the solar cycle. We find that solar cycle memory is only limited to one cycle. This result supports the earlier suggestions (Schatten et al. 1978; Solanki et al. 2002; Yeates et al. 2008; Karak & Nandy 2012; Muñoz-Jaramillo et al. 2013; Sanchez et al. 2014 ). Our analysis shows that the presence of a mean-field alpha effect in the dynamo model can shed light on the existing discrepancy between the memory obtained from advection and diffusion-dominated Babcock-Leighton solar dynamo models. Previously, it has been shown that the relative efficiency between different flux transport mechanisms governs the memory of the solar cycle. In the model, which considers the Babcock-Leighton mechanism as the only poloidal field generation mechanism, the time scale of transporting the poloidal flux from surface to the base of the convection zone basically governs the memory of the solar cycle. Even for a modest radial turbulent pumping speed of 2 ms −1 , the time scale for transporting the poloidal flux from surface to the base of the convection zone is only 3.4 year. The introduction of turbulent pumping in the flux transport dynamo model makes the model pumping dominated in both advection and diffusion dominated scenarios, eventually impacting the memory of the solar cycle. In the situation where turbulent pumping dominates the vertical flux transport mechanism, the relative efficiency of other flux transport mechanisms namely, meridional circulation and turbulent diffusion is less significant.
In our model, the poloidal field generation takes place due to the combined effect of both the Babcock-Leighton mechanism and the mean-field alpha effect. As poloidal field generation takes place throughout the convection zone due to meanfield alpha effect, thus poloidal flux can amplify and become magnetically buoyant at the base of the convection zone quickly. Thus, the presence of the mean-field alpha effect reduces solar cycle memory into one cycle in both advection-dominated and diffusion-dominated dynamo models. We also find a moderate decrease in the correlation between the radial flux at the cycle minima and the toroidal flux at the maxima of the next cycle when we consider mean-field alpha effect in our model.
Appendix: Modeling the Babcock-Leighton mechanism
Poloidal field generation at the surface takes place due to the decay and dispersal of the bipolar sunspot regions as well as ephemeral regions. We model the poloidal field generation mechanism at the surface due to ephemeral regions following
where R is the solar radius and penetration depth of the active region is R ar = 0.85R . G(θ) in the integral form is defined as:
where B + (B − ) represents the strength of positive (negative) ring:
where θ ar is colatitude of the double ring emergence and the diameter of each polarity of the double ring is Λ. We take the latitudinal distance between the centers of the double ring as χ = arcsin[sin(β) sin(∆ ar )], where ∆ ar is the angular distance between polarity centers and β is the active region tilt angle. We take Λ and ∆ ar as 6 o for our model.
Regenerating the Poloidal Field:
To recreate the poloidal field in the solar surface, first, we choose randomly a latitude from both the hemispheres where the toroidal field exceeds the buoyancy threshold at the bottom of the convection zone. Then, we use a non-uniform probability distribution function to ensure that randomly chosen latitude always remains within the observed active region belt. Next, we calculate the tilt of the corresponding active region following the expression prescribed in Fan et al. (1994) :
where, Φ 0 is the toroidal ring associated flux, B 0 is the local field strength and λ is the chosen latitude for the ring emergence. The constant that appear in equation 12 is fixed in a way such that the tilt angle lies between 3 • and 12 • . Next, we remove a part of the magnetic field with the same angular size of the emerging active region from this toroidal ring. We have reduced the magnetic field strength of the toroidal ring from which active region erupts. We set the toroidal field strength in a way such that the energy of the full toroidal ring with the new magnetic field is equal to the energy of the partial toroidal ring with the old magnetic field (after removing a chunk of the magnetic field). Finally, we place the ring doublets with these calculated properties at the near-surface layer at the chosen erupted latitude. Figure 1 (right side-top panel) shows the poloidal field line contours associated with the double ring in both hemispheres for one particular time step. 
